To the Editor

We read with great interest the article by Zheng et al. published on 23 April 2020 in your esteemed journal. The authors conducted a meta-analysis to identify risk factors that could predict severe disease and mortality in patients with coronavirus disease 2019 (COVID-19). In their meta-analysis, using data from three studies, the authors reported that having a creatinine level of 133 µmol/L or more was associated with higher odds of having severe disease or mortality.[@bib0001] Some literature suggests that the risk of acute kidney injury (AKI) in patients with COVID-19 is low. However, when AKI develops, it is usually an indicator of more severe disease and multi-organ dysfunction.

Multiple observational studies have been published that have reported the clinical features of hospitalized COVID-19 patients such as acute respiratory distress syndrome. However, studies that have reported the incidence of AKI are scant. In our study, we take one step further to quantitatively synthesized available literature and performed a single-arm meta-analysis of proportions to report the pooled incidence rate of AKI and renal replacement therapy (RRT) use in hospitalized patients with COVID-19.

The meta-analysis was performed in accordance to the Meta-analysis of Observational Studies in Epidermiology (MOOSE) guidelines. A comprehensive literature search was performed on PubMed, Embase, Scopus and Web of Science to identify articles from 1 Jan 2020 till 20 April 2020. Backward reference searching was also performed. Various combinations and permutations of the following search terms "coronavirus", "COVID-19″, "SARS-COV-2″, "2019-nCOV", "acute kidney injury" and "acute renal failure" were used. Two authors (JJN and YL) independently screened the articles and any disagreements were resolved by consensus between all authors. We included observational studies that reported the pooled incidence rates of AKI and RRT use in hospitalized patients with proven COVID-19. We excluded studies that were not peer-reviewed or did not utilize the KDIGO definition for AKI. Relevant data from articles that were included after full-text review were extracted by a single author (KP) and verified by another (JJN). Data such as study design, sample size, patient demographics and incidence of AKI and RRT use were extracted. The Newcastle-Ottawa Scale was used to assess the quality of the included articles.

The primary outcomes in this study are the pooled incidence rates of AKI in an overall hospital and intensive care unit (ICU) setting. The secondary outcomes are the pooled incidence rates of RRT use in an overall hospital and ICU setting. Meta-analysis of proportions was performed using a random-effects model with Freeman-Tukey double arcsine transformation for variance stabilization. All analyses were performed using Stata version 16 (StataCorp, College Station, TX, USA).

A total of nine studies were included ([Table 1](#tbl0001){ref-type="table"} )[@bib0002] ^--^ [@bib0010]. Three studies were prospective in nature, while six were retrospective. Most studies originated from China, except for one study from the United States of America. Seven studies included all patients that were hospitalized, whilst two studies included only patients admitted to an intensive care unit.Table 1Summary of characteristics of included studies.Table 1LocationStudy designStudy SettingNAgeMaleDM^a^HTN[b](#tb1fn1){ref-type="table-fn"}CKD[c](#tb1fn2){ref-type="table-fn"}ICU[d](#tb1fn3){ref-type="table-fn"} AdmissionMortalityAKI[e](#tb1fn4){ref-type="table-fn"}, totalAKI, ICURRT[f](#tb1fn5){ref-type="table-fn"}, totalRRT, ICUArentz[@bib0002], 2020USAROS[g](#tb1fn6){ref-type="table-fn"}ICU2170[i](#tb1fn8){ref-type="table-fn"} (43--92)[l](#tb1fn11){ref-type="table-fn"}11 (52.4%)7 (33.3%)NR[i](#tb1fn8){ref-type="table-fn"}10 (47.6%)NA[j](#tb1fn9){ref-type="table-fn"}11 (52.4%)[k](#tb1fn10){ref-type="table-fn"}NA4 (19.1%)NANRCheng[@bib0003], 2020ChinaPOS[h](#tb1fn7){ref-type="table-fn"}Hospital70163 (50--71)367 (52.4%)100 (14.3%)233 (33.4%)14 (2.0%)73 (10.4%)113 (16.1%)36 (5.1%)NRNRNRGuan[@bib0004], 2020ChinaROSHospital109947 (35--58)637 (58.1%)81 (7.4%)165 (15.0%)8 (0.7%)55 (5.0%)15 (1.4%)6 (0.5%)NR9 (0.8%)NRHuang[@bib0005], 2020ChinaROSHospital4149 (41--58)30 (73.2%)8 (19.5%)6 (14.6%)NR13 (31.7%)6 (14.6%)3 (7.3%)3 (23.1%)3 (7.3%)3 (23.1%)Shi[@bib0006], 2020ChinaPOSHospital41664 (21--95)[m](#tb1fn12){ref-type="table-fn"}205 (49.3%)60 (14.4%)127 (30.5%)14 (3.4%)NR57 13.7%8 (1.9%)NR2 (0.5%)NRWang[@bib0007], 2020ChinaPOSHospital11654 (38--69)67 (57.8%)18 (15.5%)43 (37.1%)5 (4.3%)11 (9.5%)7 (6.0%)0 (0%)NR5 (4.3%)NRWang \#2^8^, 2020ChinaROSHospital13856 (42--68)75 (54.3%)14 (10.1%)43 (31.2%)4 (2.9%)36 (26.1%)6 (4.3%)5 (3.6%)3 (8.3%)2 (1.4%)2 (5.6%)Yang[@bib0009], 2020ChinaROSICU5259.7[l](#tb1fn11){ref-type="table-fn"} ±13.3[n](#tb1fn13){ref-type="table-fn"}35 (67.3%)9 (17.3%)NRNRNA32 (61.5%)[k](#tb1fn10){ref-type="table-fn"}NA15 (28.8%)NA9 (17.3%)Zhou[@bib0010], 2020ChinaROSHospital19156 (46--67)119 (62.3%)36 (18.8%)58 (30.4%)2 (1.0%)50 (26.2%)54 (28.3%)28 (14.7%)NR10 (5.2%)NRPooled incidence rate after meta-analysis of proportions (95% confidence intervals)3%\
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Seven studies reported the incidence of AKI in an overall hospital setting, varying from 0% to 14.7%.[@bib0003] ^--^ [@bib0008] ^,^ [@bib0010] AKI occurred in 86 out of 2702 hospitalized patients. Meta-analysis of proportions revealed a pooled incidence rate of AKI of 3% (95% C.I. 1% - 7%, I^2^ = 93.8%) in all hospitalized patients ([Fig. 1](#fig0001){ref-type="fig"} A). Four studies reported the incidence of AKI in an ICU setting, varying from 8.3% to 28.8%.[@bib0002] ^,^ [@bib0005] ^,^ [@bib0008] ^,^ [@bib0009] AKI occurred in 25 out of 122 ICU patients. Meta-analysis of proportions revealed a pooled incidence of AKI of 19% (95% C.I. 9% - 31%, I^2^ = 49.6%) in ICU patients ([Fig. 1](#fig0001){ref-type="fig"}B).Fig. 1Forest plot showing pooled rate incidences of acute kidney injury in (A) all hospitalized patients and (B) intensive care unit patients after meta-analysis of proportions.Fig. 1

Six studies reported the incidence of RRT use in an overall hospital setting, varying from 0.5% to 7.3%.[@bib0004], [@bib0005], [@bib0006], [@bib0007], [@bib0008] ^,^ [@bib0010] RRT was used in 31 out of 2001 hospitalized patients. Meta-analysis of proportions revealed a pooled incidence of RRT use of 2% (95% C.I. 1% - 4%, I^2^ = 80.8%) in hospitalized patients. Only three studies reported the incidence of RRT use in an ICU setting, varying from 5.6% to 23.1%.[@bib0005] ^,^ [@bib0008] ^,^ [@bib0009] RRT was used in 14 out of 101 ICU patients. Meta-analysis of proportions revealed a pooled incidence of RRT use of 13% (95% C.I. 4% - 25%, I^2^ = 47.5%).

We found that the overall risk of AKI in all hospitalized patients seemed to be low with a pooled incidence rate of 3%. This risk increases to 19% when patients are admitted to the ICU. Correspondingly, we found that the need for RRT in all hospitalized patients to be low with a pooled incidence of 2%. In ICU, the need for RRT increases to 13%. This is the first study that reported the pooled incidence rates of AKI and RRT use in an overall hospital and ICU specific setting. Although we cannot compare the pooled incidence rates of AKI and RRI between a general hospital and ICU setting, there is certainly an association between the development of AKI and ICU admission. Data from this study can potentially help in resource planning as the COVID-19 pandemic continues to affect multiple countries. This study also highlights the paucity of AKI data from the rest of the world as most studies are from mainland China.

There are, however, limitations to this study. A large majority of the included studies are from China and the results of this meta-analysis may not be applicable to other regions of the world. Second, some of the outcomes in this study had a high I^2^ value signifying significant variability in the effect sizes of the included studies. This may be explained by variations in study design, study population, or even viral genotype. In conclusion, we report the pooled incidences of AKI and the need for RRT in an overall hospital and ICU setting for patients diagnosed with COVID-19. More high-quality data is needed to better understand the risk of AKI and its implication on prognosis and mortality in COVID-19 patients.
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[^1]: Age is represented in median (interquartile range) unless otherwise specified

[^2]: ^a^Diabetes mellitus.

[^3]: Hypertension.

[^4]: Chronic kidney disease.

[^5]: Intensive care unit.

[^6]: Acute kidney injury.

[^7]: Renal replacement therapy.

[^8]: Retrospective observational study.

[^9]: Prospective observational study.

[^10]: Not reported.

[^11]: Not applicable.

[^12]: Intensive care unit specific mortality.

[^13]: Data represented as mean.

[^14]: Data represented as range.

[^15]: Data represented as standard deviations.
